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ELECTRICITY GENERATION AND ABATEMENT GYPSUM PRODUCTION
Angelos Pagoulatos
University of Kentucky
Lexington, Kentucky

Abstract
This paper analyzes the possibility of reducing costs of compliance for coal-fired
electric generating plants. As electricity production relies more heavily on coal,
the possibility of marketing abatement gypsum is explored and qualitative estimates
are obtained.

1.

2.

INTRODUCTION

COAL AND ELECTIRCITY GENERATION

Roughly 50 percent of the primary energy source in the

Coal's use in electric generation could increase by

production of electricity is coal.

77 percent in the next ten years.

Electricity con

Most of the in

sumption in the United States has been growing at the

creased coal use will be in new facilities as indicated

rate of 7 percent per year.

by the Executive Office of the President:

Recent projections of

the demand for electricity indicate an expected slow

Type of Facility

ing of the rate of increase to 5.4 percent per annum.
_________________________
('/)

(8)

% of the Increased
Coal Use
__1_9J76_-1_9_85^_________

Electricity, however, will represent a contin

ually increasing share of energy in the future, rising

New Energy Facilities

from 28 percent in 1974 to 37 percent in 1990.

Existing Facilities Designed
to Fire Coal

The proposal by the Federal government to increasingly
replace oil and gas with coal in the utility sector
coupled with the environmental regulations pose dif
ficult problems for the generation of electricity.

As

Accelerated Replacement of
Existing Oil or Gas Fired
Facilities

81%
9%

10%

These estimates imply that: a) 10% of the oil and gas

•°te flue gas desulfurization (FGD) control systems

consumed in existing facilities is converted to coal,

*re installed costs of disposal of the throwaway sludge

and b) that 37% of all new capacity over the 1976-1985

increase substantially.

period will use coal.

To the extent that emissions from the limestone slurry

To mitigate adverse environmental effects of such a

Process can be removed and marketed as abatement

heavy reliance on coal, an amendment to the Clean Air

gypsum, an overall decrease in the costs of using coal

Act, requiring best available control technology (BACT)

for electricity generation can be obtained.

on all new power plants has been proposed.

This

study will investigate the possibility of marketing

The effect

of the BACT amendment would increase the requirements

abatement gypsum and estimate the resulting reduction

for scrubbers (for SC> 2 control) and baghouses (for TSP

in total costs.

control) by 1985: (5)
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Pollution Control Requirements
(Gigawatts)

or building contractors.

Increasingly, byproduct

gypsum from fertilizer manufacturing operations is
Scrubber

83.2

Baghouses

37.8

replacing gypsum for agricultural uses.
The industry is highly concentrated.
3.

From 1947 to

ENVIRONMENTAL CONTROLS AND THE PRODUCTION OF
1972, the leading four firms accounted for approxi
ABATEMENT GYPSUM
mately 80 percent or more of value of industry ship

Reducing the environmental damage from electric

ments in every year.

The eight-firm ratio has con

energy production is possible, and in many cases con

sistently been above 90 percent (3, 10), and the costs

trols have been mandated by Federal, state and local

of entry are very high.

legislation and by administrative action.

The 1970
Gypsum consumption has been growing at an average rate

Amendments to the Clean Air Act, the 1972 Act, and
of 2 percent per year through 1976.(9)

Based on the

the pending power plant siting legislation are some
projections of the Bureau of Mines, consumption is
examples of environmental regulations now affecting
expected to reach 20.6 million tons in 1978 of which

electric energy systems.

14.6 million tons will be used in calcining plants,
Environmental damage can be lessened by modifying

4.1 million tons in cement use, and 1.4 million in

existing energy systems or by developing alternative

agriculture.(8, 11)

systems with fewer inherent environmental penalties.
An econometric model of the gypsum industry was post
The coal-fired system, which is the worst polluter
ulated in this study.

The model was designed to be

when uncontrolled, can be improved significantly, but
used as a mechanism for estimating the elasticities
the cost of producing electricity may rise by 30 per
of demand for gypsum.

cent .

Information with respect to

demand elasticities for gypsum is essential in order
The Tennessee Valley Authority (TVA) has developed a

to assess the impacts of potential new supplies of

flue gas desulfurization (FGD) system with limestone

abatement gypsum on the market.

slurry oxydation to gypsum process.*

demand is relatively small in absolute value, new

Abatement gypsum

If the elasticity of

has already been used successfully in the manufacturing

supplies of abatement gyspum could have a substantive

of wallboard and cement, hence, there is a potential

price depressing effect on the gypsum market.

for marketing abatement gypsum.

elasticity of demand large in absolute value would

The possibility of

An

marketing gypsum can in turn reduce the cost of com

suggest that new supplies would have minimal impact

pliance for coal fired electricity generating utilities.

on the price of gypsum.

4.

The model considers the de

mand and supply of gypsum on both the domestic and

THE MARKET OF GYPSUM

import side.
While gypsum reserves are extensive, no economic re
serves are located in the southeastern portion of the

Specification.

U.S.

industry is a function of the price of gypsum for wall-

Gypsum use in the U.S. is estimated at 15 to 20

million tons annually, of which about one-third is im
ported.

Seventy-three percent of all gypsum goes into

The demand for gypsum by the wallboard

board (PWt), the total value of newly built structures
(VS'I't), the percent of the total value of newly built

calcined materials, such as wallboard manufacture,

structures that is residential

cement uses twenty percent, and seven percent goes

of wallboard (Wt).

into agricultural

board industry is determined by the quantity of gypsa*

uses.

Gypsum demand does not

have a significant seasonal pattern.

(RESPt ) , and the price

The supply of gypsum to the wall-

used in wallboard production (DWt), the index of

In terms of

value of product sold, the gypsum industry is highly

energy use in gypsum manufacturing (EIXt), the Mining

integrated from mining through calcining and sale of

Index of productivity (MIPt ) and the stocks of gypsum

manufactured products.(2)

(STt).

However, wallboard pro

ducts are sold to independent building supply dealers

The demand for gypsum to the cement industry (DC) is

In Japan FGD systems that produce abatement gypsum are already in use.(l)
Two specific disadvantages for abatement gyspum are that it has 20 percent
free moisture and it may present mechanical handling problems.
Extra cost to
the industry using gypsum to overcome these disadvantages could not be quanti
fied, but to the extent that they present real costs to the gypsum using in
dustry, the added costs must be discounted from the value attributed to abate
ment.
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determined by the price of gypsum to the cement in

Due to the relative inelasticity of the demand for

dustry (PC^), the price of the substitute road oil

gypsum by the cement industry it would be expected

asphalt (PROAt), the total value of construction (NCt ),

that no appreciable quantity effect would take place

and the price of portland cement (Ct) .

due to the competition of new abatement gypsum.

The price

This

analysis, therefore, will proceed under the assumption

(supply) of gypsum to the cement industry (PCt) is a
function of the quantity of gypsum for cement (DCt),

that abatement gypsum produced and distributed by the

the mining index of productivity (MIPt), the energy

utilities will be replacing natural gypsum in the

index (EIXt) and Gypsum stocks (STt) .

specific use.
Table 1.

The demand for gypsum to agriculture (DAt) is a func

Three-stage least squares estimates of the
Disaggregated market for gypsum.

tion of the price of gypsum for agriculture (PAt) , the
price index of vegetable crops (PVCt), and thousands

Demand for gypsum by the wallboard industry

of irrigated acres and acres planted in peanuts (VAt) .

1.

DWt = -1504.310 + 4395.703 PWt + 0.0799VSTt

The price (supply) of gypsum in agriculture (PAt ) is

(1111.875)

determined by the quantity of gypsum for agriculture

136.846 RESPt - 0.7962 W t

(25469.051)

(0.0038) +

(DAt), the mining index of productivity (MIPt), the

(11.940)

(6.659)

energy index (EIXt) and gypsum stocks (STt ) .

Price of gypsum to the wallboard industry

Imports of gypsum (Mt) are determined by the price

2.

PWt = 0.0459 + 0.0000003 Dwt - 0.000054 EIXt

of imports (PMt ), the quantity of imports in the pre

(0.0024)

vious time period (Mt ^) and the price of wallboard

0.00015 MIPt + 0.0000017 STt

(PM^).

(0.00004)

The price (supply) of imported gypsum (PMt)

(0.0000002)

(0.000016) +

(0.0000005)

is determined by the quantity of imports (Mt), the

Demand for gypsum by the cement industry

prices of imports in the previous time period (PMt l )

3.

prices for wallboard (PWt) and cement (PCt ) and the

(1235.371)

energy index (EIXt).***
Results.

(619.443) +

0.0243 NCt - 4.821 Ct

Time series data for the

4.

The model was estimated via

two stage and three stage least squares.

(18.492)

Price of gypsum to the cement industry

period 1955 to 1974 were used as the basis for the
estimation of the model.

(0.000016)

(0.0025)

Prices and quantities in the model were

simultaneously determined.

DCt = -2389.958 - 0.0000068 PCt + 646.396 PROA

PCt = 0.0518 + 0.00000046
(0.0014)

The three

DCt + 0.000048 MIP

(0.00000013)

(0.000050) -

0.000037 EIXt + 0.0000012 STt

stage least squares method was more efficient, and

(0.000012)

(0.0000004)

hence, three stage least squares results are presented
Demand for gypsum in agriculture
in Table 1.
5.
The price coefficient of demand for gypsum by the wallboard industry was nonsignificant.

(279.573)

This is because of

(8575.862)

(2.809) +

0.00157 VAt

the integration between wallboard producers and gypsum
production.

DAt = 1357.248 - 30136.537 PAt + 9.673 PVCt

(0.00675)

The elasticity of demand for gyspum by
Price of gypsum in agriculture

the cement industry was found to be -.22.

This sug.6.

PAt = 0.00449 + 0.0000018 DAt + 0.00842 EIXt

gests that there are few substitutes for gypsum in
(0.00488)
cement production.

The elasticity of demand for

gypsum in agricultural use was -1.276.

(0.0000002) +

0.00019 MIPt + 0.0000003 STt

This suggests

(0.00006)

(0.0000007)

that supplies of abatement gypsum for agricultural use
would have the least price depressing effect on the
natural gypsum industry as a whole.

*** Stringent environmental regulations have been imposed on the domestic
cement industry since 1969, and there has been an increased reliance
on imported cement since then.(4)
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Table 1. continued____________________________

Table 1. continued

Imports of gypsum
7.

l’Mt = Import price of gypsum (dollars per ton), U.S.
Bureau of Mines, "Minerals Yearbook".

Hj. = -6005.653 + 704.479 PMt - 0.0250 Mt_j
(1702.220) (604.543)

___________________________

PA

(0.1865) +

= Price of gypsum in agriculture (dollars per
ton), U.S. Bureau of Mines, "Minerals Yearbook".

2824.770 PWt
(596.814)

(Values in parentheses are standard errors)

Price of imported gypsum
8.

5.

PM = 0.9571 + 0.000012 Mt + 0.210 P M ^ j
(0.2629) (0.000071)

COST OF PRODUCING ABATEMENT GYPSUM

The study is based on the premise that all utilities

(0.152) currently out of compliance comply by 1978 by choosing

0.000057 PWt + 0.00040 PCt - 0.00025 EIXt
(0.000035)

(0.00017)

one of the following alternatives:

(0.00156)

(1) scrub by lime

stone slurry process, (2) scrub by gypsum-producing

Where:

process, (3) use low sulfur fuel (clean fuel), and

DWt = Gypsum to wallboard (million tons), U.S.
Bureau of Mines, "Minerals Yearbook".

(4) use combinations of one or two with alternative
****
three.

PWt = Price of gypsum to wallboard (dollars per
ton), U.S. Bureau of Mines, "Minerals
Yearbook” .

Estimates of abatement gypsum supplies were developed
from the Emission Control Development staff of TVA.

Wt = Price of wallboard (dollars per ton),
U.S. Bureau of Mines, "Minerals Yearbook".
VSTt = Value of structure (millions of dollars),
Statistical Abstract of the U.S.

The supply of abatement gypsum was determined on a
plant-by-plant basis for 1978.

The analysis is based

on projections of fuel use and other operating charac
teristics as reported by the utilities themselves to

RESPt = Percent of total construction that is
residential, Statistical Abstract of the
U.S.

the federal power commission.

EIXt = Energy Index in gypsum manufacturing,
U.S. Bureau of Mines, "Minerals Yearbook".

The limestone oxidation to gypsum process was used for

MIPt = Mining Index of productivity, U.S. Bureau
of Mines, "Minerals Yearbook".

stone throwaway process.

basis to the plant level.

The appropriate air quality

regulation for the plant was determined and translated

DCt = Gypsum for cement, U.S. Bureau of Mines,
"Minerals Yearbook".

into the allowable SC^ admission.

PCt = Price of gypsum for cement, U.S. Bureau
of Mines, Minerals Yearbook".

A total of 187 plants will be out of compliance in
1978.

PR0At = Price of raod oil apshalt (dollars per
barrel), U.S. Bureau of Mines, "Minerals
Yearbook".

These plants would have to remove a total of

4,400,000 tons of sulfur to meet compliance regulations.
This is over twice the quantity of sulfur that was im

NCt = Total construction (billions of dollars),
Statistical Abstract of the U.S.

ported into the U.S. in 1974 and equal to 38 percent

Ct = Price of Portland cement (dollars per ton),
U.S Bureau of Mines, "Minerals Yearbook".
DAt = Gypsum to agriculture (million tons), U.S.
Bureau of Mines, "Minerals Yearbook".
PVCt = Price index vegetable crops, U.S. Depart
ment of Agriculture, "Agricultural
Prices".

M

Costs were calculated by

summing the cost of scrubbing on a boiler by boiler

STt = Stocks (million tons), U.S. Bureau of
Mines, "Minerals Yearbook".

VA

comparing gypsum production costs with the scrub lime

of domestically mined sulfur in 1974.

If this amount

of sulfur were to be abated in the conventional lime
stone slurry FGD systems, a total of 25,393,504 tons
of calcium solids would be made and have to be depos
ited in the first year.

Total investment would be

6.89 billion dollars if all sulfur were to be abated

= Irrigated acres and acres planted in
peanuts (thousands of acres), U.S.
Department of Agriculture, "Agricultural
Statistics".

by the limestone slurry system.(8)
The next step of the analysis was to assume that any
plant out of compliance can purchase and use low sul

= Imports of gypsum (million tons), U.S.
Bureau of Mines, "Minerals Yearbook".

fur fuel to meet compliance at a premium cost of 70

**** Compliance refers to the achievement of the existing SO 2 quality
regulations at each plant, in effect .June 30. 1976.
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cents per million of Btu heat input.

slurry throwaway system.

At the $0.70 clean-fuel level, 116 plants were found

The results of the market analysis summarized in Table

to be candidates to install some form of FGD system.

2 indicate a limited potential for abatement gypsum

These plants would produce about 27.4 million tons of

production and marketing to significantly contribute

gypsum with an average cost of 61.3 dollars per ton,

to solving major FGD problems faced by the nation's

and an incremental cost, compared to the throwaway

utilities.

system, of 7 dollars per ton.

abatement producers that could supply requirements of

If clean-fuel cost were

$0.50, potential gypsum production would decline to 6
million tons.

Abatement gypsum was supplied by small

cement plants located near the utility.

The revenue requirements for the first

Fifteen of

the thirty utilities in the final solution actually

year operation of the average plant would be 13.0 mil

were calculated to have lower cost gypsum production

lion dollars if the throwaway process is used and 14.7

than for the limestone slurry throwaway product.

million dollars if the gypsum producing process is

additional seven plants had an incremental cost of less

used.

Revenue requirements over the life time (thirty

years) of the plant are 243.9 million dollars for the

(8)

Only 10 percent of total poten

tial abatement gypsum production would occur at or

MARKETING POTENTIAL OF ABATEMENT GYPSUM

To determine the market potential for abatement gypsum,
consumption was projected at each demand point, and the
delivered price of crude gypsum was calculated at each
demand point.

Rates were calculated to select appro

Rate-per-ton mile was

Average production per steam plant

71
86
30
2,399,081

(tons)

79,970
6,679
170,981

Total gypsum sold (tons)

tion cost which was added to f.o.b. price of supply
This assured that the lowest delivered cost

of of gypsum to each demand point was calculated.

Total gyspum produced (tons)

Largest gypsum supplier (tons)

multiplied by miles to each point to obtain transporta

points.

187

Lowest-cost strategy
Clean fuel, number of plants
Limestone slurry process, number of plants
Gypsum production and marketing, number of
plants

Smallest gypsum supplier (tons)

priate tariff and to calculate miles from each supply
point to each demand point.

Table 2.
Summary of Results of Analysis in
.___________________
Eastern U.S.
Number of plants out of compliance (total)

below estimated cost of mining.
6.

The average annual

production of these steam plants was 65,377 tons.

throwaway process and 274.5 dollars for the gypsum
producing process.

than 1 dollar per ton of gypsum.

(8)

2,228,100

Total gypsum stockpiled (tons)

170,981

Number plant stockpile part of production

5

Wallboard plants served

1

Cement plants served

92

The major potential for abatement gypsum marketing is

Sold to wallboard plants (tons)

to supply the cement industry.

Sold to cement plants

In the analysis 2.132

Total net revenue to utilities ($)

two plants in the cement industry.

Total savings to gypsum industry ($)

This tonnage rep

95,307

(tons)

million tons were calculated to be supplied to ninety-

2,132,793
11,075,970
1,922,731

resents 67 percent of the projected 1978 consumption of

Savings to gypsum industry (% of total cost)

gypsum by the cement industry in the eastern U.S.

Average savings per ton of gypsum purchased ($)

Plants

calculated to produce gypsum are smaller than plants

On the average, the annual output of sulfur is only

Reduction by marketing gypsum ($)
In

Cost reduction (%)

general, the gypsum-producing plants are newer plants;

Required sulfur removal

29 percent of them are between zero to five years old
compared to 11 percent for limestone systems.
fur content of fuel by type is lower.

1.5
0.86

Total first-year compliance cost for 113 plants
using the limestone slurry process ($)
2,037,721,214

that would use the limestone slurry throwaway process.

about one-fourth as much as for limestone systems.

An

0.5
(tons)

Sulfur removed by gypsum process (% )

The sul

In addition, the

percentage of Btu heat input from oil and gas is higher
than in plants predicted to install the limestone
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11,075,970

4,109,000
8.7

Tons imported gypsum displaced

855,992

Tons domestic gypsum displaced

1,372,108

1978 calcining market served with abatement
gypsum
(%)

0.8

1978 cement market served with abatement by
gvnsum (%)

67.0

7.

CONCLUSIONS

(4). Brown, B.C., "Cement" in Mineral Facts and Pro

Gypsum is a low-value product used in substantial quan

blems, U.S. Department of the Interior, Industry

tities by wallboard and cement manufacturing plants.

Surveys, Bureau of Mines, Pennsylvania, 1975

The cost of SO 2 removal by the gypsum producing pro

(5) .

Council on Environmental Policy, Energy and the

cess is higher than it is for the limestone slurry

Environment - Electric Power, U.S. Government

throwaway process.

Printing Office, August, 1973.

The only exceptions are some small

plants, in terms of SO 2 removal, which have a cost
advantage to produce gypsum.

(6) .

Executive Office of the President, Replacing Oil

This works to the disad
and Gas with Coal and Other Fuels in the Indus

vantage of the gypsum process to supply the existing
trial and Utility Sectors, Energy Policy and
wallboard industry.

The analysis was based on con
Planning, Washington, D.C., June, 1977.

servative estimates of gypsum mining costs, but in all
(7) .

other respects the analysis was based on premises

Federal Energy Administration, Rational Energy
Outlook - 1976,Executive Summary, Washington,

favorable to abatement gypsum.

D.C.
Production and marketing of abatement gypsum to the
(8) .

cement industry to lower cost of compliance appears to

Ransom, J., A. Pagoulatos, D. Debertin and

offer an opportunity for steam plants with low annual

M. Shuffett, "Feasibility of Marketing Abate

volumes of sulfur removal to lower cost of compliance.

ment Gypsum from Fossil-Fired Power Plants",

By the same token, there appears to be little oppor

Research Report, 24, Department of Agricultural

tunity to lower compliance cost by marketing abatement

Economics, University of Kentucky, August, 1978.

gypsum to the existing wallboard products industry.

(9) .

Reed, A.U., "Gypsum" in Mineral Facts and Prob

The gypsum-producing alternative appears to offer only

lems, Bulletin 667, U.S. Bureau of Mines, Wash

a limited potential to solve the larger problems of

ington, D.C., 1975.

sulfur conservation and disposal of calcium solids.
(10) . U.S. Bureau of the Census, Census of Manufacturing
However, in terms of a total program of byproduct ma r 
- 1947-1972, Washington, D.C.

keting, the gypsum-production alternative may fill a
specific role in that it appears to meet the needs of

(11) . U.S. Bureau of Mines, Gypsum Mines and Calcining

small plants when other byproducts may be better suited
to large plants.

Plants, Washington, D.C., 1975.

If that proves to be the case, the
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